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Introduction
EPR, UVeVIS and FTIR spectroscopies are very useful experimental techniques because they can provide valuable information related to the local symmetry, nature of the chemical bonds and other structural properties of glasses (Wong & Angell, 1976) . Glasses doped with transitional metal ions (TMI) attract much attention because of their interesting electrical (Abd El All and Ezz-Eldin, 2010; Bahgat, Makram, Shaisha, & El-Desoky, 2010; Sankarappa, Devidas, Kumar, Kumar, & Kumar, 2009; Santi c, Kim, Day, & Mogu s-Milankovi c, 2010) , optical (Ghoneim, Marzouk, Daoud, & Ezz-Eldin, 2013; Kesavulu, Chakradhar, Muralidhara, Rao, & Anavekar, 2010; Moustafa, Fayad, Ezz-Eldin, & El-Kashif, 2013; Muralidhra, Kesavulu, Rao, Anavekar, & Chakradhar, 2010; Subhadra and Kistaiah , 2010) and magnetic properties (Elahdal, Antar, Mahmoud, & Ezz-Eldin, 2011; Kumar, Kishan, Rao, & Awana, 2010; Nagarjuna, Venkatramaiah, Satyanarayana, & Veeraiah, 2009; Pascuta, Borodi, Popa, Dan, & Culea, 2010; Pascuta, Bosca, Borodi, & Culea, 2011; Singh & Srinivasan, 2010) . These properties are determined by the presence of TMI in multivalent states, by the environment of TMI as well as by the TMI content and its distribution in the glass matrix. Because of these properties glasses containing TMI are useful for large practical and potential applications in many fields, such as electronics (Bahgat et al., 2010; Nagarjuna et al., 2009; Sankarappa et al., 2009; Subhadra & Kistaiah, 2010) , magnetic information storage Kumar et al., 2010; Nagarjuna et al., 2009) , tunable solid state lasers and fiber optic communication systems (Muralidhra et al., 2010) . The properties of glasses are mainly determined by the degree of local order/disorder, so that investigations giving information about the local structure are important in order to understand the correlation between properties and structure. Copper ions have been frequently used as paramagnetic probes for exploring the structure and properties of glasses. A large number of interesting studies are available on the environment of copper ion in glasses (Colak, and Aral, 2011; Padlyak et al., 2010; Prasad & Veeraiah, 2005; Rao, Reddy, Rao, & Veeraiah, 2009; Upender, Prasad, Mouli, & Chandra, 2011) .
These small metal particles are of great interest because of their non-linear optical and catalytic properties. Supported metals (on oxide supports such as Al 2 O 3 , SiO 2 , TiO 2 , etc.) as well as aqueous homogenous colloidal dispersions of small metal particles have been extensively investigated by various techniques.
Among the transition metal oxides (TMO)-containing glass systems, the TMO-SiO 2 binary glasses are difficult to prepare by cooling the melts due to a high tendency for phase separation even if the rapidly quenching method is employed (Tanaka, Kamiya, Matsuoka, & Yoko, 1987) . On the other hand, it has been reported that the glasses of this system can be prepared using the solegel method (Tanaka et al., 1987) , which is expected to give a glass homogenous to the atomic level. Mesoporous SiO 2 made by solegel method, with nanoscaled pores interconnected and high specific surface area has recently been a new exotic kind of matrix for metal/semiconductor nanoparticle-doped materials (Amekura, Umeda, & Sakuma, 2005; Hayakawa, Slevan, & Nogami, 1999; Liu, Jiang, & Bai, 2005) . Recently, various chemical and physical methods have been used for the preparation of embedded copper nanoparticles (Fedrigo, Harbich, & Buttet, 1993; Shen, Yokouchi, Koyama, & Goto, 1997; Shi, Lim, & Liu, 1997) . These methods usually lead to complicated process and it would induce impurities into the matrix. Gamma-irradiation has been used extensively to generate novel nanomaterials with unusual properties starting from a few years ago, and it is convenient to be used to prepare materials at room temperature and in ambient pressure, and it is easily controlled and adaptable.
Among these TMI, copper-silica based systems are endowed with interesting characteristics which make them suitable for many applications. Silica glasses containing copper are attractive candidates for catalysis, solid-state lasers, sensors and colored coating (Battisha, Afify, & Hamada, 2005; Grozdanov, 1994) . The state of copper ions in oxide glasses has been investigated extensively, so far, since the glasses containing a large amount of copper ions possess curious optical, electrical and magnetic properties.
Cupric (Cu 2þ ) was found to be a particularly useful probe ion since its spectra are readily observable over a large temperature range. The spectrum of Cu 2þ ions is detectable at low concentration (~10 15 spins) (Alger, 1968) and in low-symmetry environments. For these reasons, the environment of the ion may be usefully studied in the amorphous network (Bassetti, Burlamacchi, & Martini, 1979; Klonkowski, 1983a; 1983b; 1985; Klonkowski, Andrzej, Schlaepfer, 1992; Klonkowski, Frischat, & Richter, 1983; Klonkowski, Richter, & Frischat, 1988; Klonkowski & Schlaepfer, 1991 In this paper, we have combined relatively high gammairradiation dose (400 kGy) with the well-known solegel process and dip-coating technique. Optical and magnetic properties of copper and the mechanism of the formation of Cu 2þ ions by irradiation are carefully investigated.
Experimental
The Cu-doped SiO 2 composite films were prepared by a simple method at room temperature. Tetraethoxysilane (TEOS, 98%) and other reagents were all analytic purity. First of all, tetraethoxysilane (TEOS, 98%), alcohol, HNO 3 and deionized water were mixed together in the molar rate 1:7:1:10. The mixture was stirred magnetically till it became homogenous solution. The mesoporous silica films were obtained by dipcoating 1-mm thick substrate glasses into the dip-coating solution. The films were dried and aged in a sealed box with several pinholes on the top cover under 50 C. Then the glasses with solegel films on both sides were slowly heated at 600 C for 2 h to exclude the residual solvent from the pores. Several pieces of the pre-formed porous SiO 2 films were, respectively, soaked in Cu(NO 3 ) 2 solutions with different concentrations (0.2, 0.6 and 1.2 mol/L) at room temperature for 6 weeks. After immersion, the soaked SiO 2 films together with the soaking solutions were irradiated using gamma irradiation in the 60 Co gamma chamber 220 Excel (manufactured by MDS Nordion, Canada) with dose rate 2.17 kGy/h up to dose of 400 kGy at room temperature to reduce the copper out of the Cu(NO 3 ) 2 in pores. Then, the irradiated samples were taken out of the soaking solutions and washed with distilled water, then dried at 80 C in a vacuum dryer. To study the heat-effect of our samples, the as-prepared composite films were additionally annealed at 500 C for 2 h in argon gas. The obtained Cu/Silica films were green in low concentrations changed to blue color at higher concentration; samples are also quite transparent for use in optical studies. The optical absorption from 190 to 900 nm of prepared samples were recorded at room temperature using a recording spectrophotometer type JASCO, Corp, v-570, Rel-00, Japan. X-ray diffraction (XRD) measurements Shimadzu XD-DI diffractometer was used. The X-ray was operated at 40 KV and 30 Ma through the measurements. The X-ray diffraction (XRD) patterns were carried out to examine the crystalloid of our samples. The EPR spectra were recorded using EMX spectrometer (X-band), the cavity used was the standard Bruker ER 4102 rectangular cavity, Germany. All EPR measurements were carried room temperature (25 ± 2 C).
Results and discussion
The color of the treated Cu/SiO 2 films when immersed in three concentrations of Cu(NO 3 ) 2 solutions for several weeks, swinging from faint green to dark blue as the concentration of Cu(NO 3 ) 2 solution was increased from 0.2 to 1.2 mol/L. The strong band in the range from 190 to 280 nm ( Fig. 1) is attributed to the charge transfer absorption of the Cu 2þ ions.
Another peak in the UV region is observed at 280e320 nm, and two identified broad absorption bands (Fig. 2) in the visible region (380e430 and 600e740 nm). Also, the 580e620 nm absorption may originate from the small "peroxy radical" and the nonbridging oxygen (NBO) at the interface between the Cu þ2 ions and outer SiO 2 matrix, respectively. The absorption spectra for the films doped with Cu both have broad absorption bands at around 380e430 nm, which are similar to those of copper islands-doped silica gels and some other Cu/silica systems reported in publications (He, Shen, & Gao, 2005; Keibig et al.; Xiong et al., 2003 (1) and (2) (Armelao et al., 2005; Llanos, Buljan, Mujica, & Ramirez, 1996; Switzer, Liu, Bohannan, & Ernst, 2002) .
However upon irradiation, some glass scientists (Ahmed, Abbas, & Ezz El-Din, 1984; Bogomolova, Federov, Jachkin, & Lazukin, 1980; El-Batal et al., 2012) have suggested that the following photochemical reactions in CuO doped glasses during the irradiation process.
Defect þ hn / trapped electron þ free hole (3)
These reactions indicate that high irradiation can produce Cu 2þ , Cu þ and Cu 0 mixed states.
The cuprous ions have the 3d 10 configuration and consequently are not expected to have absorption bands in the visible. Accordingly, the band around 840 nm can be assigned to cupric ions in octahedral coordination. The asymmetry of this band is attributed to tetragonal distortion caused by the Jahn-Teller effect (He et al., 2005; Partain, Schneider, Donaghey, & Meleod, 1985; Xiong et al., 2003) . It may be concluded that the band around 840 nm has no contribution from any other state of valency of copper and accordingly its intensity may be used as a measure of the concentration of Cu 2þ ions in glass (He et al., 2005; Keibig, Gartz, & Hilger, 1997; Llanos et al., 1996; Partain et al., 1985; Xiong et al., 2003) . Consequently, any broadening and energy shift observed in optical absorption are due to different energy bonding environments of Cu þ2 ions. It seems reasonable that the cupric ion is bonded to the oxygen ion that connects with tetrahedrlally coordinated Si 4þ in the glass. Since in our Cu/SiO 2 system, the Cu nanoparticles are dispersed within pores of the mesoporous SiO 2 matrix, which has high specific surface area and great porosity (Ferreira & Vasconcelos, 2000) and a large number of dangling bonds (unsaturated bonds) exist on the pore walls, probably resulting in high surface energy (Fedrigo et al., 1993; Keibig et al., 1997; Kresin, 1995) . Thus, intensive interactions at the interfaces between the pore walls and Cu clusters are likely to take place in order to relax the interface energy. In other words as the number and size of Cu ions increase with the increasing of concentration, more energy is required to achieve this relaxation.
To understand the effect if in situ irradiation, the following ideas should be considered. During metal doping it may has influence on the interface while the metal particles are formed. Another assumption assumes that, somehow, the metal atoms may modify the glass structure during their diffusion to form the metal particles, thus leading to crystallization. The influence could be due to electron exchange with the SieO bonds, with the "reparation" of the broken bonds deficient of electrons, or due to the energy exchange between the metal atom and the glass network. When the atom moves through the relatively ordered part of the media, it interacts with a large atomic cluster with a much larger mass; thus, the interaction has a character of reflection, and only a small part of the atom's energy is transferred to the glass. Getting into a damaged part of the glass network, the metal atom interacts with the smaller cluster whose mass is comparable to that of the metal atom. In this last case the energy transferred may be very efficient, which is again equivalent to the certain energy that is needed to improve the structure.
We have also observed that for heat treated samples containing copper, metal oxide aggregates are formed as in the unheated samples. Nevertheless, due to heat treatment crystallization of the SiO 2 phases could take place. This indicates that the amorphous structure of the soaking films is different than that of the heat treated glass. The difference in microstructure may be rationalized to the polymerizing oxide phase, which tends to form small particles with voids (Cohen, Cody, Counts, & Abeles, 1973) . On the other hand, for heat treated samples crystallization, which may occur, causing of the formation of a more closed structure of the substrate (H€ ovel, Fritz, Hilger, Vollerver, & Kreibig, 1993; Priestley, Abeles, & Cohen, 1975) . This can interpreted to be due to the resulted increase in the absorbance intensities of the heat treated samples, which means more amounts of Cu ions. Where, the voids become smaller and the aggregation of the metal ions in the solution becomes bigger as the concentration increase. However the smaller Cu ions which succeeded to penetrate through this voids, will be captured and hold for enough time, to be bonded to the Si network during radiation. Consequently the resulted increase in Cu 2þ is observed. These dispersed small Cu clusters are responsible for the intrinsic blue shift with decreasing particle size. In order to confirm the influence of the matrix, we investigated the X-ray spectroscopy (XRD) of the investigated sample. Fig. 3 represents the XRD patterns of the in situ samples at the 0.6 Cu(NO 3 ) 2 concentrations. In the pattern, the typical halo peak around 2q ¼ 23 was attributed to the amorphous SiO 2 matrix, other peaks at 2q ¼ 43, could be indexed to the face-centered cubic copper with lattice constant a ¼ 0.3614 nm. Such a result has confirmed the presence of crystalline Cu in the SiO 2 film after irradiated by g-ray at room temperature (~25 C). This means that the very small copper clusters are just adsorbed physically on the pore walls of the SiO 2 matrix and interactions between the particles and the matrix are very weak. When the dispersed clusters are too small compares to the pore size, they could be more like free clusters because of the large porosity at the cluster/matrix interface. Also, as shown in Fig. 4 , the peak position for Cu 2 p 3/ 2 which is the binding energy of bulk copper is shifted to the higher-energy side, when this sample is heat-treated at 500 C, indicating the existence of an interaction between the Cu particles and the matrix. These are just intuitively understood, and a forward research about these interactions is in progress.
The addition of copper ions in silicate glass matrix offers the possibility to investigate the local order by EPR spectroscopy. In glasses, copper ions exist in two stable ionic states as Cu (natural abundance 31%). The relatively broad range in which the EPR spectrum of our glasses (Fig. 5) shows a resolved hyperfine structure (hfs) denotes an appreciable degree of short range ordering in the vitreous matrix built by approximately identical structural units, involving Cu 2þ ions. The values of the g factors and hyperfine constant attest the predominantly ionic character of bonding between Cu 2þ ions and the ligand atoms (Peteanu, Ardelean, Filip, & Ciorcas, 1996) , but there is also a covalency effect which has to be taken into account. Because Cu 2þ is a network modifier there is competition between Cu 2þ and the Si 4þ network forming cations in attracting the oxygen pairs available in their vicinity. The covalency of the Cu 2þ dO bonds increases when the SieO bonds become weaker in the Fig. 3 e XRD spectra of investigated glass after been immersed in 0.6 mol/L Cu(NO 3 ) 2 solution.
structural aggregates involving them. The shape of EPR spectra is modified with increasing of copper ions (increasing soaking solution concentration) content. This consists in the disappearance of the hfs and the appearance of a broad line centered at g z 2.1, value characteristic for clustered ions. Thus for samples soaking in 0.6 M/L the obtained spectra may be considered as the result of the superposition of two signals, one with resolved hfs typical for isolated Cu 2þ ions and the other one consisting in a broad line typical for clustered ions. The evolution of the g z 2.1 absorption lines as a function of the copper content can be followed in the concentration dependence of the EPR parameters: the peak-to-peak linewidth DB and the line intensity J, estimated as the line integral. These variations are plotted in Fig. 5 . The solution concentrations dependence of the g z 2.1 absorption line intensity shows an increase followed by a decrease for higher soaking solution concentration (1.2 M/L). Generally, the signal intensity is proportional to the number of EPR active species involved in the resonance absorption. Thus, the decrease of the line intensity of the g z 2.1 resonance shows that the Cu 2þ ions content diminishes suggesting the presence of diamagnetic Cu þ ions, which co-exist with Cu 2þ species in the glass matrix when copper ions are added. The Cu þ ions do not manifest in the EPR absorption, but they can interact with Cu 2þ ions. The broadening at g ¼ 1.97 can be due to the increase of disordering of the glasses structure, to the dipoleedipole interactions and to the interactions between ions in multivalent states. Thus, the presence of Cu 2þ eCu þ pairs and the dipoleedipole interactions can explain the evolution of the EPR absorption line (g ¼ 2.1), with the CuO content detected for studied glasses. When the sample was heat-treated at 700 C, the line shape changed slightly, but its intensity was as high than the original one, and the hyperfine structure characteristic of copper (II) ions in octahedral configuration was developed , and an organic free radical signal (g ¼ 2) was appeared. At such temperature, reduced copper-metal particles in the latter sample also grow to crystalline state. This is further supporting evidence that the copper (II) species trapped in silica gel by ion exchange are well dispersed and immobile in the silica matrix. In other words, the copper (II) complex molecules aggregate in solegel glass, and, therefore, the resulting copper (II) oxide and copper metal particle crystallize and grow easily in silica gel at elevated temperature. Although copper (II) oxide, not copper (I) nitrate, is formed under an atmosphere of air, this seems to be due to the presence of adsorbed water molecule and silanol oxygen atoms in silica gel.
Conclusion
In summary, we have successfully synthesized Cunanoparticle-doped porous SiO 2 films by g-radiation method. With the particle size changing, a significant red-shift of the uv-visible absorption peak for the Cu particles dispersed in samples was exhibited. In addition, the results extracted from the uv-vis absorption, EPR and XRD showed that the untreated sample dipped in the lower Cu(NO 3 ) 2 solution (0.6 mol/L) reveals better Cu 2þ ions concentration than the higher solution concentration (1.2 mol/L). We explained this phenomenon as a comprehensive effect of both intrinsic property (size effect) and extrinsic influence from the matrix or the surrounding medium (interface interaction and its induced spilled-out effect). On the other hand, the formation of Cu 2þ ions in SiO 2 voids could be due to electron exchange with SieO bonds, which healing the deficient electrons produced from these broken bonds. The UVeVIS absorption spectra of these glasses show a single broad band due to 2 B 1g / 2 B 2g transitions of the Cu 2þ ions. This proves that the Cu 2þ ions are placed in distorted octahedral coordination. The EPR spectra showed that increasing the CuO content (i.e. higher Cu concentrations), leading to the disappearance of the copper hfs and the appearance of a broad line centered at g z 2.1, characteristic Fig. 4 e XRD spectra of investigated glass after been immersed in 0.6 mol/L Cu(NO 3 ) 2 solution and after been heat treated at 500 C. of clustered ions. Simultaneously with Cu 2þ ions, the Cu þ ions were also found in the studied glasses. The EPR absorption line broadening can be due to the increase in disordering of the glasses structure, to the presence of Cu 2þ eCu þ pairs and to the dipoleedipole interactions octahedral sites. Finally, the condition of this method of preparation can be easily controlled and is expected to extend to the fabrication of other metal oxide compounds.
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